1. Two groups of vervet monkeys (Cercopithecus uethiops) were fed on high-cholesterol diets which differed only with respect to the protein source. In one group casein was the only protein source, while the other group received only soya-bean protein.
general population (Soloway et al. 1977) .
The factors leading to cholesterol gallstone formation are probably multiple. Bile supersaturated with cholesterol is a prerequisite for cholesterol cholelithiasis but an increase of lithogenicity can depend on various pathophysiological factors (La Morte et al. 1981) . Dietary factors have been identified as being of importance in leading to increased secretion of cholesterol in bile, in obese and particularly in female subjects. Apart from cholesterol, animal fat, carbohydrate and excessive energy intake have also been implicated experimentally in gallstone formation (Sullivan et al. 1985) .
In the last few years emphasis has been placed on the effects of dietary proteins on cholelithiasis. Kritchevsky & Klurfeld (1979 , 1983 ) have found in hamsters that soya-bean protein is less cholelithogenic than casein. Sullivan et al. (1985) confirmed that gallstone incidence was greater among hamsters fed on animal protein, but there were no significant differences between experimental groups for serum cholesterol concentrations. Soya-bean protein has also been observed to have a hypocholesterolaemic effect not seen with casein in studies carried out in rhesus monkeys (Terpstra et al. 1984) .
The object of the present study was to determine the effects of dietary animal (casein) and vegetable (soya bean) proteins on cholelithiasis, serum lipids, and bile acid composition in vervet monkeys (Cercopithecus aethiops). The study was also considered to be important because the role of diet in the formation of pigment stones is unknown (Soloway, 1977) .
M A T E R I A L A N D M E T H O D S

Animals
Ten mature male and ten female vervet monkeys, weighing about 5-5 kg for males and 3.2 kg for females, were divided into two equal treatment groups of five animals of each sex. Table 1 shows the compositions of the diets they were fed on ad lib. The protein was either casein or soya-bean protein. The monkeys were caged individually in a controlled environment at 24 (SE 0.34)' and 50 % humidity with fifteen to twenty air changes per h and 12 h artificial lighting cycles. The animals were immobilized at the commencement and regularly at 3-monthly intervals with ketamine hydrochloride (Ketalar ; Parke-Davis) for weighing and the taking of blood samples. The liver biopsies and gallbladder bile samples were collected by laparotomy under halothane general anaesthesia.
Monkeys were maintained on experimental diets for 12 months and were fasted for 12 h before killing. The males were killed by exsanguination under ketamine anaesthesia, the females being preserved for further studies after laparotomy. Gallbladders were removed, and the contents placed in centrifuge tubes and weighed. The bile minus stones, which was separated on standing, was kept for analysis. The gallstones were washed four times in distilled water, dried at 80" and weighed. Dry stones were placed on marked paper and photographed, after which they were crushed, placed in chloroform or ethanol, dried and weighed again. The gallbladder was measured, weighed and fixed in buffered formalin (1 00 ml/l) for histological examination. The gallbladder specimens were processed and embedded in wax in the conventional way, stained with H and E for gallbladder morphology, periodic acid Schiff for the staining of neutral mucins of the gallbladder mucosa, alcian blue and high iron diamine-alcian blue for the staining of both acidic and sulphated mucins, and periodic acid Schiff-alcian blue with and without deamination to show acidic mucins masked by linkage to protein. The appearance and intensity of the staining of acidic and sulphated mucins was graded as follows: (1) trace, (2) positive staining, (3) strongly positive and (4) strongly positive with the presence of sulphated mucins. Both bile and gallstone weight were compared with the intensity of staining of the acidic and sulphated mucins. Plasma prepared from blood samples by centrifugation (4000 rev/min for 20 min) was used for the assay of total plasma triglycerides, very-low-density-lipoprotein (VLDL)-triglycerides, total cholesterol, high-density-lipoprotein (HDL)-cholesterol and VLDLcholesterol levels. Cholesterol and triglyceride concentrations were measured on the Gilford clinical chemistry system using enzymic assays from Bohringer-Mannheim and Gilford diagnostics respectively.
The analyses of bile for bile acid, phospholipid and cholesterol levels were carried out as follows : bile was diluted with isopropanol for the assay of cholesterol, and with methanol for the assay of total bile acids and phospholipids according to the method of Bolton et al. (1978) . Portions of these extracts were evaporated to dryness and the phospholipids estimated by the procedure of Itaya & Ui (1966) after perchloric acid digestion, the bile acids by the 3u-hydroxysteroid dehydrogenase (EC 1.1.1.50) method of Bruusgaard et al. (1 977) and biliary cholesterol by gas-liquid chomatography using a Varian model 3700 dual-flame-ionization detector gas-liquid chromatograph fitted with a 1.3 m, 3 mm i.d. column containing 3 % SP-2250 on 100/200 Supelcoport. The column temperature was 270", detector temperature 3 lo", injector temperature 290" and the carrier-gas (nitrogen) flow-rate 30 ml/min. The flow-rate of hydrogen was 30 ml/min. The calculation of the lithogenic index was carried out according to the procedure of Metzger et al. (1972) and Thomas & Hofman (1973) .
R E S U L T S
During the experiment there was a non-significant increase in the mean weight in both groups at first, probably in response to the new dietary regimens. This effect was not maintained and the final weights were as indicated in Table 2 . One female monkey from the casein-treated group developed diabetes and died in the 9th month of the experiment and was thus excluded from final assessment.
In the present study all the twenty monkeys of both groups developed more or less advanced cholelithiasis. The gallstones varied in appearance from single spherical or sharpedged stones occupying up t0 50 % of the gallbladder volume to multiple small stones and crystals. All stones were dark brown or black, although some stones in the casein-treated group had a paler appearance. Gallstones from both groups were only partially soluble in chloroform or in ethanol, and were therefore considered to be pigment gallstones. The mean percentage of the stones dissolved in chloroform and ethanol in the casein dietary group was 2-71 (SD 1.58) and in the soya-bean dietary group, 1.93 (SD 1.55).
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The mean bile weight and dry stone weight in the casein-treated group were slightly different to those of the soya-bean-protein-treated group (2.8 g, 13.3 mg and 2.3 g, 18.6 mg respectively) but those differences were not significant. The mean stone weight in the males was higher than that in the females but in neither group were the differences significant.
Gallstone weights were not significantly correlated to the individual plasma cholesterol levels, which were very high in all animals in both groups. No significant differences in total cholesterol, or triglyceride concentrations in serum or in any of the lipoprotein classes were found to be related to the source of the dietary protein (Table 3) . Similarly no significant difference was found in the concentrations of the bile constituents (phospholipids, cholesterol and bile acids levels) in the two groups. The lithogenic index of the samples taken from the gallbladders of both groups never rose above 0.38 for the soya-bean-fed group or above 0.44 for the casein-fed group (Table 4) . Histological examination of the livers of both groups showed in isolated cases that mild mononuclear cell infiltration had occurred in periportal areas. Intrahepatic bile ducts were free from any pathological changes. The gallbladder mucosa in both groups showed mostly mild but in some cases moderate atrophy. There were no histochemical differences in the gallbladder mucins found in the two groups of animals. Acidic and sulphated gallbladder mucins were correlated to gallstone weight ( I 0.62, P < 0-01) (Fig. 1) .
DISCUSSION
Human cholelithiasis is a multifactorial disease and therefore the finding or development of a spontaneous genetic model is unlikely. The two most popular animals in use today as models are both rodent species, the hamster and the prairie dog, in which cholesterol overload (0-1-1.2 %) is used as a basic method in developing cholesterol gallstones. Of the sub-human primates on long-term high-cholesterol diets, several species are known to be resistant to cholesterol gallstone formation, notably rhesus and African green (vervet) monkeys (Holzbach, 1984) . St Clair et al. (1980) , in an experiment with twenty-three African green monkeys given 2.7 g cholesterol and 235 g fat/kg over 20 months, showed cholesterol gallstones in only three monkeys. Our findings of pigment lithiasis in all twenty monkeys fed on 5 g cholesterol and 200 g butter/kg diet suggest that vervet monkeys may be a very suitable animal model of cholelithiasis, since their much larger size offers distinct advantages over the small squirrel monkeys. Unlike squirrel monkeys, used in the classical experiments by Osuga & Portman and their co-workers (Osuga & Portman, 1971 ; Osuga et al. 1974 ) the vervet monkeys in our experiment developed pigment gallstones, with supersaturation of the bile by cholesterol not being evident. The molar concentrations of phospholipids, cholesterol and bile acids (Table 4) were very similar to those found in vervet monkeys fed on a prudent diet for 18 months, i.e. cholesterol 10.9 (SE 1-1), phospholipids 35.4 (SE 2-2) and bile acids 284.8 (SE 25.7) mmol/l with a lithogenic index of 0.42 (SE 004) (n 8). In a group of thirty monkeys fed on a stock diet a lithogenic index of 0.17 (SE 0-01) was found (M. J. Weight, unpublished results). Thus in the present experiment it is certain that we are not dealing with classical cholesterol gallstone formation in which a supersaturating concentration of cholesterol is a necessary condition. What is more likely is that the diets given caused an increased secretion of negatively-charged sulphomucins which participated in the formation of calcium carbonate or calcium bilirubinate stones. Both Maki et al. (1971) and Nagashima et al. (1974) have shown that sulphated glycoproteins from bile can act as a nucleating or precipitating agent for CaCO,. The increased secretion of gallbladder mucin has been shown to give rise to mixed or pigment stones (Smith & LaMont, 1984) and also the development of an acid pH on the gallbladder surface has been implicated in calcium bilirubinate precipitation (Malet et al. 1986 ).
Not only is the role of diet in pigment-stone formation unknown, but in sharp contrast to the formation of cholesterol gallstones little is known about the composition of bile surrounding pigment stones (Soloway, 1977) . Our results on bile composition appear to be in agreement with two reports which have characterized gallbladder bile from human patients with pigment stones. Both of these studies characterized the bile as having less cholesterol, but similar amounts of bile salts and phospholipids (Izumi, 1965 ; Trotman et al. 1974) . Both these studies indicate that the abnormality leading to pigment lithiasis is not related to supersaturation of gallbladder and hepatic bile with cholesterol (Soloway et al. 1977) .
The lack of a protective action of the soya-bean protein on cholelithiasis as shown in hamsters by Kritchevsky & Klurfeld (1979) could be due to interspecies differences in lithogenesis and the type of gallstones formed. Our results also do not confirm the hypocholesterolaemic effect found by Terpstra et al. (1984) in rhesus monkeys, or by Mahfouz-Cercone et al. (1984) in hamsters, of soya-bean protein when compared with casein. St Clair et al. (1980) have also suggested higher plasma HDL-cholesterol, plasma triglyceride concentration and bile cholesterol saturations in female vervet monkeys fed on a high-cholesterol diet. In the present experiment we observed similar values for those variables in both male and female monkeys. Further experiments with cholelithiasis will clarify species differences and irregular responses to unnaturally high-cholesterol and highfat diets.
